A therothrombotic cardiovascular disease remains one of the leading causes of death worldwide, and it is of equal importance in women and men. The role of low-density lipoprotein cholesterol (LDL-C) lowering by statins in safely reducing vascular events in both men and women [1] [2] [3] [4] [5] [6] is well established. Previous studies have shown that women are usually 5 to 10 years older than men when they develop coronary heart disease, and they often have more comorbidities. However, women receive statins less frequently than men, and when they are treated, they are more likely to receive lower-intensity therapy. [7] [8] [9] [10] [11] [12] The Cholesterol Treatment Trialists' Collaboration metaanalysis, with >174 000 participants in 27 primary and secondary prevention trials of statin therapy, showed that the proportional reductions of major vascular events per 1.0-mmol/L reduction in LDL-C during a median follow-up of 4.9 years were similar overall for women (relative risk [RR] , 0.84; 99% confidence interval [CI] , 0.78-0.91) and men (RR, 0.78; 99% CI, 0.75-0.81; adjusted P=0.33 for heterogeneity by sex). 6 However, it is not clear whether LDL-C lowering with a nonstatin agent affects clinical outcomes to a similar degree in women and men. The IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy International Trial) randomized 18 144 patients (4416 women). 13, 14 In this prespecified analysis, we examined the impact of sex on the treatment effect of ezetimibe on lipid lowering, cardiovascular events, and adverse events.
Methods Study Design and Study Population
The design and results of IMPROVE-IT have been described previously. 13, 14 Briefly, IMPROVE-IT was a randomized, doubleblind, placebo-controlled, multicenter trial designed to examine the efficacy and safety of ezetimibe added to simvastatin. The trial enrolled men and women aged >50 years who had been hospitalized within the previous 10 days for an acute coronary syndrome, including myocardial infarction (MI) with or without ST-segment elevation or high-risk unstable angina. To be eligible, an LDL-C level measured within 24 hours after hospital admission for this acute coronary syndrome had to be 50 to 125 mg/dL for patients not receiving prior prescription lipidlowering therapy and 50 to 100 mg/dL for patients who had been receiving long-term statin therapy. Major exclusion criteria included the prevalence of hemodynamic events, ischemic and arrhythmic events within 24 hours before enrollment, creatinine clearance <30 mL/min, active liver disease, or the use of statin therapy that had potency >40 mg of simvastatin at enrollment.
Randomization and Study End Points
Patients were randomized in a 1:1 manner to placebo/ simvastatin 40 mg or ezetimibe 10 mg/simvastatin 40 mg daily. The primary efficacy end point was a composite of cardiovascular death, major coronary event (nonfatal MI, rehospitalization for unstable angina, or coronary revascularization occurring ≥30 days after randomization), or nonfatal stroke. Prespecified safety variables included elevated liver enzyme and creatine kinase levels, episodes of myopathy or rhabdomyolysis, gallbladder-related adverse events, and cancer. All primary end points (except coronary revascularization), cancer, and muscle-related events were adjudicated by a blinded central event adjudication committee.
Statistical Analysis
The data were stratified by sex. Baseline characteristics were reported as frequencies and percentages for categorical variables and as medians and interquartile ranges for continuous variables. Baseline characteristics were compared using the v 2 test for categorical variables and the Wilcoxon test for continuous variables. All primary analyses were performed on an intention-to-treat basis. As a sensitivity analysis, safety events were analyzed during the on-treatment period, which included events that occurred within 30 days after discontinuation of study drug.
14 Efficacy results were presented as Kaplan-Meier failure rates at 7 years, and safety outcomes were presented as the proportion of patients having the events in the study period. Time-to-event analyses used the log-rank test with stratification by qualifying event. Cox proportional hazard models were used to evaluate heterogeneity. Cox regression was used to test for effect modification by evaluating the interaction terms for sex and treatment strategy for each outcome. We also compared the total number of primary end points between men and women using a
Clinical Perspective
What Is New?
• IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy International Trial) was the longest of the large randomized trials of intensive lipid lowering. In 4416 women followed up for an average of 6 years, we found that women had similar reductions in low-density lipoprotein cholesterol and relative clinical benefit as men with the addition of ezetimibe to statin therapy after acute coronary syndrome.
• Ezetimibe did not increase the risk of safety events compared with placebo in either women or men.
• Women were, on average, at higher risk of cardiovascular events than men, as determined by a novel score to assess risk in a secondary prevention population.
• The higher average risk in women translated into a greater absolute reduction in first and total cardiovascular events with the addition of ezetimibe in women compared with men.
What Are the Clinical Implications?
• Women after acute coronary syndrome who are treated with ezetimibe in addition to statin should anticipate having similar reductions in low-density lipoprotein cholesterol and relative clinical benefit as men.
• Because women are, on average, at higher risk than men, treating women after acute coronary syndrome with ezetimibe plus statin would be expected to result in even greater absolute reductions of cardiovascular events (both first and total events) compared with men.
• Ezetimibe may be added to statin in women and in men after acute coronary syndrome without increasing the risk of muscle-related or other adverse events.
negative binominal regression analysis, as previously described. 15 The TIMI (Thrombolysis in Myocardial Infarction) Risk Score for Secondary Prevention (TRS 2°P), an integer-based risk stratification tool derived in patients with established ischemic heart disease, for prediction of cardiovascular death, MI, or ischemic stroke, was used to evaluate risk and treatment efficacy by sex. The TRS 2°P was previously developed in a cohort of patients with established ischemic heart disease 16 and subsequently validated in IMPROVE-IT 17 for the prediction of recurrent cardiovascular events and identification of high-risk patients who had a greater relative and absolute risk reduction with the addition of ezetimibe. As previously described, each patient was assessed for the presence of the 9 clinical risk indicators at baseline: age ≥75 years, diabetes mellitus, hypertension, peripheral artery disease, prior stroke, prior coronary artery bypass graft, history of heart failure, active smoking, and renal dysfunction. All analyses were performed using SAS software, version 9.4. A 2-sided P<0.05 was considered to indicate statistical significance. The ethics committee at each participating center approved the protocol and amendments, and all the participants gave written informed consent.
Results

Patient Characteristics
Among 18 144 patients, 4416 (24%) were women and 13 728 (76%) were men. Baseline characteristics are summarized in Table 1 . Women were significantly older and were more likely to have a history of hypertension, diabetes mellitus, heart failure, stroke, or transient ischemic attack and estimated glomerular filtration rate <60 ml/min/1.73 m 2 , whereas men were more likely to be smokers and have a history of coronary revascularization (P<0.05 for each). The use of prescription lipid-lowering agents before the index event was similar (women, 36.5%; men, 35.2%; P=0.13).
Outcomes
Lipid profiles
The effects of ezetimibe on all of the lipid parameters were comparable between women and men (P value for interaction [P int ]>0.10 for each). When comparing LDL-C at randomization with that at 12 months, ezetimibe significantly reduced LDL-C levels by 16.4 mg/dL in women and 16.7 mg/dL in men. Similarly, at 12 months, a significant reduction in the median triglyceride level and a significant increase in high-density lipoprotein cholesterol level were observed in women and men (P<0.05 for each), without any treatment effect modification by sex (Table 2) .
Efficacy outcomes
Kaplan-Meier event rates for the primary end point at 7 years with placebo/simvastatin were 34.0% in women and 34.9% in men. Women randomized to ezetimibe/simvastatin showed a significant 12% lower event rate compared with those randomized to placebo/simvastatin (hazard ratio [HR], 0.88; CI 0.79-0.99), whereas a 5% reduction was seen for men (HR, 0.95; 95% CI, 0.90-1.01) (Figure 1 ). These relative treatment effects between women and men did not differ statistically (P int =0.26), nor did they differ significantly for cardiovascular death, MI, and stroke (P int >0.1 for each; Figure 2 ). The benefit of adding ezetimibe to simvastatin in women was driven largely by a lower incidence of MI, in which a 22% reduction was observed (HR, 0.78; 95% CI, 0.66-0.93; Figure 2 ), and this benefit did not differ by sex (HR, 0.90; 95% CI, 0.82-1.00; P int =0.17).
Total primary end points
There were 2132 and 7413 total primary end points in women and men, respectively. Of these, 1215 and 4099 events were first primary end points events, and an additional 917 and 3314 events occurred after the first primary end point in women and men, respectively. Overall, total primary end points were reduced by 174 events (65 first events and 109 subsequent events) in women (RR for ezetimibe/simvastatin versus placebo/simvastatin, 0.81; 95% CI, 0.71-0.94) and by 247 events (105 first events and 142 subsequent events) in men (RR for ezetimibe/simvastatin versus placebo/simvastatin, 0.94; 95% CI, 0.87-1.02; Figure 3 ). There was a trend toward a larger reduction in total number of events in women compared with men during the follow-up period (P int =0.08).
Risk stratification
Using the TRS 2°P, 16 Figure 4 ).
The benefit of ezetimibe/simvastatin compared with placebo/simvastatin in women for cardiovascular death, MI, or ischemic stroke was most evident in the high-risk group, demonstrating 7-year Kaplan-Meier rates of 38.3% for placebo/simvastatin versus 30.9% for ezetimibe/simvastatin. These findings demonstrated a significant 27% relative risk reduction (HR, 0.73; 0.60-0.89; P=0.001) and a 7.4% absolute reduction (95% CI, 1.4%-13.5%; P=0.016; Figure 5 ), translating to a number needed to treat of 13 in women (P int =0.046 for treatment and risk group). Men in the high-risk group experienced 7-year Kaplan-Meier rates of 41.1% with placebo/simvastatin versus 35.2% with ezetimibe/simvastatin, with a 15% relative risk reduction (HR, 0.85; 95% CI, 0.74-0.96) and a 5.9% absolute reduction (95% CI, 1.6%-10.1%; Figure 5 ), yielding a number needed to treat of 17 in men in the high-risk group (P int =0.13 for treatment and risk group).
A similar benefit was observed across the individual composite end points among women in the high-risk group, in whom the addition of ezetimibe/simvastatin demonstrated a 1.7% absolute risk reduction of cardiovascular death, a significant 5.5% absolute risk reduction of MI, and a 3.3% absolute risk reduction of ischemic stroke.
In the intermediate-and lower-risk groups, there were no significant differences between the 2 treatment groups in either women or men. There was no effect modification of treatment on the outcome of cardiovascular death, MI, or stroke by sex in either an unadjusted analysis (P int =0.29) or after adjustment for the TRS 2°P (P int =0.33).
Safety outcomes
During the study period, 14.5% of women and 12.7% of men permanently discontinued the study drug because of adverse events. Similar to the findings in the overall population, randomization to ezetimibe/simvastatin did not increase the study drug discontinuation rate in either women (14.6% ezetimibe/simvastatin versus 14.3% placebo/simvastatin) or men (12.4% ezetimibe/simvastatin versus 13.1% placebo/ simvastatin; P int =0.45).
Overall, rates of the prespecified adverse events of interest (transaminase levels that exceeded 3 times the upper limit of normal, gallbladder-related adverse events, muscle-related adverse events, and cancer) were low and more frequently reported in women than in men, with the exception of cancer (Table 3) ; the overall rate of cancer in men was 10.8% compared with 8.3% in women. No significant treatment differences were observed in either women or men in safety events, including cancer (P>0.05 for each; Table 3 ), and there was no strong evidence of effect modification by sex on the safety profile of ezetimibe (P int >0.05 for each safety end point). The adverse events were even less frequent in the ontreatment population, confirming that the addition of ezetimibe did not increase adverse events (P>0.1 for each; Table 4 ).
Discussion
IMPROVE-IT showed that the addition of ezetimibe to simvastatin resulted in a significant reduction of cardiovascular events.
14 The current analysis extends these findings and demonstrates that the lipid-lowering effects of ezetimibe are similar in women and men, with similar reductions of cardiovascular events in women and men. In addition, the safety profile of ezetimibe was similar in women and men, and not different from the placebo group. Our results, which are derived from the largest and longest single trial of more intensive lipid lowering, which included 4416 women, are consistent with the results of the Cholesterol Treatment Trialists' meta-analyses, in which women and men had similar proportional reductions in cardiovascular events. 6 In the Figure 1 . Seven year Kaplan-Meier estimate curves of primary end point by sex. The treatment effects were similar between women and men for the primary end point of cardiovascular death, major coronary event (nonfatal myocardial infarction, rehospitalization for unstable angina, or coronary revascularization event occurring at least 30 days after randomization), or nonfatal stroke (P=0.26 for interaction). The Kaplan-Meier rates at 7 years were 34.0% with placebo/simvastatin and 31.0% with ezetimibe/simvastatin in women and 34.9% with placebo/simvastatin and 33.3% with ezetimibe/simvastatin in men. EZE indicated ezetimibe; HR, hazard ratio; PBO, placebo; Simva, Simvastatin.
current analysis, we further demonstrated that the addition of ezetimibe to simvastatin reduced the total number of events (both first and recurrent) in both women and men. Previous studies suggest that women hospitalized with an acute coronary syndrome are older and had a higher prevalence of cardiovascular risk factors, including hypertension, hypercholesterolemia, and diabetes mellitus. [1] [2] [3] 5 Recently, Bohula et al demonstrated the usefulness of TRS 2°P in identifying high-risk patients who derive greatest benefit from the addition of ezetimibe to statin therapy in the overall IMPROVE-IT population. 17 When analyzing sex differences in baseline risk using this score, women had more risk indicators compared with men; as such, a significantly higher percentage of women was classified as high risk. This is consistent with our finding of a greater absolute reduction of both primary and total events with the addition of ezetimibe in women than men, despite similar reductions in LDL-C. Using this simple risk stratification scheme, 16 we observed that high-risk women with ≥3 risk factors had %3 times higher rates of cardiovascular events compared with women with ≤1 risk factor. In this high-risk group, the benefit of ezetimibe appears to start early, contributing to a robust 27% relative and 7.4% absolute risk reduction in the primary end point at 7 years ( Figure 5 ). These results, together with the favorable safety profile of ezetimibe, are important considerations when evaluating the risk-benefit balance. Furthermore, ezetimibe is now generic in many countries, and this makes its addition to a statin in high-risk patients particularly attractive. The current analysis shows that intensive LDL-C lowering therapy with the addition of ezetimibe to simvastatin reduced the first events and total number of events in women, particularly among women who were at high risk. The benefit of adding ezetimibe in secondary prevention in women appears to be most apparent in the reduction of MI. This may differ from aspirin, with men appearing to derive benefit primarily in the reduction of MI and women in the reduction of ischemic stroke. 18 More important, safety events were not increased with ezetimibe in women or men. Although there have been relatively few reports of sex-specific relationships on adverse events, including muscle-related events, women are considered to be at higher risk of such events than men, which may contribute to undertreatment. This may be, in part, implicated by sex-based differences in statin metabolism. 19 It is reassuring that our study showed that there was no evidence of increased myopathy, other muscle-related adverse events, or any other adverse events in women or men, irrespective of treatment assignment. IMPROVE-IT enrolled 4416 women and observed them for a median of 6 years, which gave us a unique opportunity to identify and evaluate infrequent adverse events in women. and a 12% reduction of major adverse cardiac events (composite of cardiovascular death, myocardial infarction, and stroke) with ezetimibe compared with placebo. There were no significant treatment interactions by sex for any of the end points. CHD indicates coronary heart disease; CI, confidence interval; Eze, ezetimibe; HR, hazard ratio; KM, Kaplan-Meier; PBO, placebo; P int , P value for interaction; Simva, simvastatin.
Our findings are in line with a previous study by Bennett et al, which tested the efficacy and safety of statin monotherapy (lovastatin, pravastatin, simvastatin, or atorvastatin) versus ezetimibe plus statin and did not find any sex-specific differences in ezetimibe-related adverse effects. 20 Several limitations of the present analysis are noteworthy. First, LDL-C levels were calculated using the Friedewald equation, which may underestimate low levels of LDL-C. Second, although sex was a prespecified subgroup, we did not adjust for multiple comparisons. Third, as Murphy et al has Ezetimibe did not increase the risk of adverse myotoxic events or cancer regardless of sex. Data shown are number (percentage), except for cancer, which is shown as 7-year Kaplan-Meier rates. AE indicates adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; P int , P value for interaction; and ULN, upper limit of normal. *P value comparing treatment within the same sex group. † P int comparing treatment effects between women and men. Figure 5 . Cumulative incidence of cardiovascular death, myocardial infarction, and ischemic stroke by risk stratification and treatment group in women and men. Each risk indicator (ie, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke, prior coronary artery bypass grafting, peripheral arterial disease, estimated glomerular filtration rate <60 ml/min/1.73 m 2 , and current smoking) is assigned 1 point. Low risk, 0 or 1 risk indicator; intermediate risk, 2 risk indicators; and high risk, ≧3 risk indicators. Women categorized as high risk benefitted the most from adding ezetimibe to simvastatin, whereas no benefit was observed in women who were categorized as low risk. Eze indicates ezetimibe; HR, hazard ratio; PBO, placebo; Simva, simvastatin.
previously reported, total events analyses may violate the assumption of independence of events, and hence these results need to be cautiously interpreted. 15 Fourth, as with other trials, women were underrepresented (24% of participants), and intrinsically, the association between sex and ezetimibe use on outcomes may have been diluted. Despite this, we had the opportunity to study women for >25 000 patient-years of follow-up, with 1215 first primary end point events and 2132 total primary end point events. Because of the strict eligibility criteria characteristic of clinical trials, the patients in this study may have been at lower risk than in the general population. However, in this trial, women were an average age of 66 years at enrollment and 72 years at trial completion. Indeed, almost 1000 women were ≥75 years at enrollment.
Conclusion
This prespecified analysis of IMPROVE-IT demonstrated that adding ezetimibe to statin reduces LDL-C and cardiovascular events after an acute coronary syndrome, in both women and men. These robust efficacy and safety data support the use of intensive lipid-lowering therapy with ezetimibe added to a statin, particularly in a high-risk population of women as well as men, to optimize cardiovascular outcomes.
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